berry nevi vary in size and are sometimes associated with other lesions such as a subcutaneous lipoma or dermal sinus. 6 The appearance of strawberry nevi can be delayed, 6 but the lesions are thought to occur in at least 2.6% of newborns. 8 In the present study we investigate the value of strawberry nevi in predicting the occurrence of OSD. We examined 20 patients born with strawberry nevi and their radiological findings. Fifteen of these patients had strawberry nevi occurring in isolation; in five they were associated with other lumbar cutaneous stigmata.
Clinical Material and Methods
The database of the diagnostic radiology department at Oregon Health & Science University generated the names of 115 pediatric patients who had undergone perinatal (age Յ 3 months) spinal ultrasonography to rule out dysraphism between September 1993 and February 2002. Radiology reports and clinical notes from both the electronic and paper record were used to identify 16 patients with spinal strawberry nevi, defined as strawberry nevi or clusters of nevi that at least partly overlapped the dorsal midline. Some of these patients also underwent MR imaging and/or surgical evaluation. An additional four patients were identified from the records of the Oregon Health & Science University, Division of Pediatric Neurosurgery. This latter group of patients (age 1-15 months) presented during the same time period and underwent initial MR imaging evaluation of spinal strawberry nevi. These 20 patients (Table 1) are the subject of this report.
Using the clinical records, the following data were recorded for each patient: 1) the presence of single or multiple strawberry nevi; 2) the presence of other cutaneous signs of OSD; 3) the presence of other congenital anomalies; 4) radiological diagnosis (ultrasonography and, if available, MR imaging); and 5) clinical diagnosis by the pediatric neurosurgeon (J.H.P. or N.R.S.).
Additionally, a Medline search was conducted. The terms "strawberry nevus" and "capillary hemangioma" were combined with "tethered spinal cord," "occult spinal dysraphism," and "spina bifida occulta." The abstracts listed as well as additional references from the clinical papers were reviewed for information relevant to the diagnosis of OSD in patients with strawberry nevi.
Results
Of the 20 patients with strawberry nevi, underlying spinal dysraphism was present in only four. In these four patients other cutaneous stigmata of OSD were present: an unusual lesion with atretic skin in the center, a small skin tag at the superior end of the gluteal fold, a superficial dermal sinus tract, and a strawberry nevus with central dimple and dyplastic hairs in one case each ( Figs. 1 and 2) . No patient born with strawberry nevi alone had underlying spinal dysraphism (Table 1 ). These findings suggest that strawberry nevi may only be associated with underlying OSD in the presence of other lumbar cutaneous stigmata. The occurrence of a shallow, midline, symmetrical dimple over the tip of the coccyx was noted but considered normal. In none of the three patients with a strawberry nevus and benign coccygeal dimple was underlying spinal dysraphism present (Table 1 ). In two patients ultrasonography failed to demonstrate a subtle intradural dysraphic defect that was later identified by MR imaging and confirmed by surgical exploration. Thus, MR imaging may prove to be a more sensitive modality in young children with cutaneous stigmata of dysraphism.
Discussion
Occult spinal dysraphism is caused by the defective closure of the neural tube during the 4th week of embryological development. 12 Spinal cord tethering resulting from OSD causes progressive neurological deficits, pain, and spinal deformity. 6, 7 Although the natural history of minor patterns of dysraphism is poorly defined, early diagnosis and surgical intervention may be helpful in the avoidance of these problems. Occult spinal dysraphism may present in toddlers with delayed crawling or walking, abnormal gait, reflex asymmetry, muscle wasting, high arches, or foot size discrepancy. Older children may experience asymmetrical motor and sensory dysfunction and painless foot burns, or back and leg pain, and they may exhibit upper motor neuron signs such as hyperreflexia. Children with tethered spinal cords associated with OSD, however, may be neurologically normal at birth. 5 Furthermore, asymmetry of spontaneous leg movement may be subtle, reflexes may be difficult to evaluate, and baby fat in very young patients 7 may obscure early atrophy and foot asymmetry. The recognition of cutaneous stigmata signifying underlying OSD is therefore of particular clinical importance in the newborn.
The authors of two studies have examined the predictive value of strawberry hemangiomas for identifying underlying OSD. Albright, et al., 1 reported tethered spinal cords in seven neurologically normal patients with lumbosacral strawberry nevi. In five of the seven, however, other associated congenital anomalies were also present. An associated subcutaneous lipoma was demonstrated in one patient and a midline dermal sinus originating within the hemangioma in another. Three patients harbored a 0.5 to 1.5-cm midline skin defect within the hemangioma, "covered by a white, partially transparent membrane that did not appear to be the scar tissue that occurs in some hemangiomas as they regress." The latter finding likely corresponds to the finding in our Case 6-that is, atretic skin within the hemangioma. These authors also described two patients with isolated strawberry nevi and OSD. In the latter two cases, however, there were large confluent strawberry nevi that covered a significant portion of the posterior lumbosacral skin. 1 Kriss and Desai 9 examined the predictive value of spinal ultrasonography in a prospective series of 207 neonates with lumbar cutaneous stigmata. They identified 16 patients with OSD, including two of 11 with lumbar strawberry nevi. In agreement with our findings, nearly one third of patients with OSD in these authors' series exhibited multiple lumbar cutaneous stigmata. Whether OSD occurred in patients with isolated lumbar strawberry nevi or only in those patients with nevi in addition to other lumbar cutaneous stigmata cannot be determined from their published results.
We identified only one other published case in which OSD occurred in conjunction with strawberry nevus; in this report the patient was again described with an associated subcutaneous mass, as well as other complex systemic congenital anomalies. 3 Strawberry nevi have also been reported in association with other complex nonspinal anomalies. 4 Our study represents the largest series of patients with isolated strawberry nevi. In no patient with an isolated strawberry nevus in our study was there ultrasonographic or MR imaging evidence of tethered spinal cord or OSD. By contrast, in four of five patients with both strawberry nevi and other cutaneous stigmata, OSD was present (Table 1) . Because we used spinal ultrasonography as the primary screening tool for dysraphism, the strict inference is that ultrasonography screening in infants with a strawberry nevus alone is not worthwhile.
Among our 15 patients with isolated strawberry nevi, ultrasonography demonstrated normal findings in 13, and in the two patients in whom MR imaging documented no abnormality, ultrasonography presumably would have revealed normal findings as well. If there were no abnormalities on 15 ultrasonography studies, the 95% confidence interval for the true yield of spinal ultrasonography in this setting can be estimated to be 0 to 0. larger data set would allow a stronger conclusion, but our literature review has not disclosed any larger published clinical reports.
Our data do not allow us to address two important related issues. We cannot be confident about the prevalence of spinal cord tethering in infants with isolated strawberry nevi, although it is probably quite low, because the sensitivity of spinal ultrasonography in the detection of tethering lesions is not known. In addition, we cannot be confident about the value of making this diagnosis or of surgical intervention in the asymptomatic infant because the natural history of minor patterns of OSD such as filum lipoma is also unknown. Thus, an evidentiary basis for a practice guideline regarding evaluation of the infant with an isolated lumbosacral strawberry nevus does not yet exist.
